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MANUFACTURING METHOD OF 
SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a Continuation of U.S. patent appli 
cation Ser. No. 13/645,147 filed Oct. 4, 2012, which claims 
priority to Japanese Patent Application No. 2011-223290 
filed Oct. 7, 2011, each of which are hereby incorporated by 
reference herein in their entireties. 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention relates to a manufacturing method 

of a semiconductor device including transistors having char 
acteristics different from one another. 

Description of the Related Art 
There is a semiconductor device such as a photoelectric 

conversion device which includes transistors having differ 
ent characteristics from one another. US2008/0029793 dis 
cusses a photoelectric conversion device in which the impu 
rity concentration in the drain of a first transistor arranged in 
a photoelectric conversion region is lower than the impurity 
concentration in the drain of a second transistor arranged in 
a peripheral circuit region. 

According to one aspect the impurity concentration in a 
gate electrode for the transistor is controlled to stably 
operate. However, there is no Sufficient discussion in 
US2008/0029793 on controlling the impurity concentration 
in the gate electrodes of the first transistor and the second 
transistor. 

SUMMARY OF THE INVENTION 

Aspects of the present invention are directed to a manu 
facturing method of a semiconductor device capable of 
appropriately controlling the impurity concentration in the 
gate electrode of each of the first transistor and the second 
transistor. 

According to an aspect of the present invention, a manu 
facturing method of a semiconductor device including a first 
transistor and a second transistor in which a gate insulation 
film is thinner than a gate insulation film of the first 
transistor, includes forming a first member and a second 
member on a polysilicon film covering a semiconductor 
Substrate, forming, by performing patterning on the poly 
silicon film using the first member as a mask, a gate 
electrode of the first transistor from a portion of the poly 
silicon film including impurity, and, by performing pattern 
ing on the polysilicon film using the second member as a 
mask, a gate electrode of the second transistor from a portion 
of the polysilicon film including impurity, forming, by 
performing ion implantation on the semiconductor Substrate 
using the first member as a mask with respect to the gate 
electrode of the first transistor, a drain of the first transistor, 
and forming, by implanting ions in the semiconductor Sub 
strate, a drain of the second transistor wherein ion implan 
tation on the gate electrode of the second transistor after 
thinning the second member, is performed in parallel with 
forming the drain of the second transistor. 

According to the exemplary embodiment of the present 
invention, the manufacturing method can appropriately con 
trol the impurity concentration in the gate electrode in each 
of the first transistor and the second transistor. 
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2 
Further features and aspects of the present invention will 

become apparent from the following detailed description of 
exemplary embodiments with reference to the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate exem 
plary embodiments, features, and aspects of the invention 
and, together with the description, serve to explain the 
principles of the invention. 

FIG. 1A is a schematic plane view illustrating an example 
of the photoelectric conversion device, and FIG. 1B is a 
schematic view illustrating an example of an equivalent 
circuit of a photoelectric conversion unit. 

FIG. 2 is a schematic plane view illustrating a layout of 
the photoelectric conversion unit. 

FIGS. 3A and 3B are cross-sectional views illustrating 
examples of a main portion of the photoelectric conversion 
device. 

FIG. 4A is a cross-sectional view illustrating the photo 
electric conversion device according to a first exemplary 
embodiment of the present invention, and FIG. 4B is a 
cross-sectional view illustrating a photoelectric conversion 
device according to a second exemplary embodiment of the 
present invention. 

FIGS.5A, 5B, 5C, 5D, 5E, 5F, 5G, 5H,5I,5J,5K, and 5L, 
are cross-sectional views illustrating steps A, B, C, D, E, F, 
G, H, I, J, K, and L respectively in an example of a 
manufacturing method of the photoelectric conversion 
device according to the first exemplary embodiment, and 
FIGS. 5M, 5N, and 5O are cross-sectional views illustrating 
steps M, N, and O respectively in an example of a manu 
facturing method of the photoelectric conversion device 
according to the second exemplary embodiment. 

DESCRIPTION OF THE EMBODIMENTS 

Various exemplary embodiments, features, and aspects of 
the invention will be described in detail below with refer 
ence to the drawings. 
An example of the photoelectric conversion device, i.e., a 

semiconductor device, will be described below with refer 
ence to FIG. 1. Common components in FIGS. 1A, 1B, and 
thereafter will be assigned the same reference numerals, and 
description thereof will be omitted. 

Referring to FIG. 1A, a photoelectric conversion device 
100 includes a photoelectric conversion region 101 sur 
rounded by a dashed-dotted line. A plurality of photoelectric 
conversion units 102 is arranged in the photoelectric con 
version region 101. FIG. 1A illustrates an example in which 
the plurality of photoelectric conversion units 102 is 
arranged horizontally and vertically to form an area sensor. 
However, the plurality of photoelectric conversion units 102 
may be linearly arranged to forma linear sensor. 

Referring to FIG. 1B, the photoelectric conversion unit 
102 includes a photoelectric conversion element 110, a 
signal generation unit 130, and a transfer gate 120. The 
signal generation unit 130 generates an electric signal based 
on a signal charge generated in the photoelectric conversion 
element 110. The transfer gate 120 then transfers the signal 
charge from the photoelectric conversion element 110 to the 
signal generation unit 130. According to the present exem 
plary embodiment, the signal generation unit 130 includes a 
capacitor 131, an amplifying transistor 132 having a gate 
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connected to the capacitor 131, and a reset transistor 133 
having a source connected to the capacitor 131. 
When light enters the photoelectric conversion element 

110, a signal charge is generated in the photoelectric con 
version element 110. When the transfer gate 120 is switched 
on, the signal charge generated in the photoelectric conver 
sion element 110 is transferred via a transfer channel to the 
capacitor 131 in the signal generation unit 130. As a result, 
the signal charge is stored in the capacitor 131. 
A gate Voltage corresponding to an amount of the signal 

charge stored in the capacitor 131 is applied to the gate of 
the amplifying transistor 132. The amplifying transistor 132 
is a source follower circuit, and the electric signal generated 
according to the gate Voltage of the amplifying transistor 
132 is output via a signal output line 340. 
When the reset transistor 133 is switched on, the gate 

voltage of the amplifying transistor 132 connected to the 
capacitor 131 is reset to a Voltage determined according to 
a potential supplied via a drive line 350. The signal genera 
tion unit 130 may further include a selection transistor which 
switches on and off an output to the signal output line 340. 

According to the present exemplary embodiment, one 
photoelectric conversion element 110 and one signal gen 
eration unit 130 forma pair in the photoelectric conversion 
unit 102. However, at least one portion of the signal gen 
eration unit 130 (e.g., the amplifying transistor 132) may be 
shared by a plurality of the photoelectric elements 110. In 
such a case, the transfer gate 120 may be formed for each of 
the plurality of the photoelectric conversion elements 110. 

Further, the transfer gate 120 may have a charge storing 
structure for temporarily storing a signal charge to realize a 
global shutter. The photoelectric conversion element 110 
and the amplifying transistor 132 may be directly connected 
without having the transfer gate 120 in between. Japanese 
Patent Application Laid-Open No. 2000-312024 discusses 
the structure in which the photoelectric conversion element 
110 and the amplifying transistor 132 are directly connected. 

FIG. 2 is a schematic plane view illustrating an example 
of a layout of the photoelectric conversion unit. FIG. 3A is 
a cross-sectional view illustrating the layout of the photo 
electric conversion unit taken along a line X-X' illustrated in 
FIG. 2. FIG. 3B is a cross-sectional view illustrating the 
layout of the photoelectric conversion unit taken along a line 
Y-Y' illustrated in FIG. 2. 

Referring to FIGS. 2, 3A, and 3B, the photoelectric 
conversion element 110 is arranged in a first active portion 
2A in a semiconductor Substrate 1 formed of a semiconduc 
tor Such as single crystal silicon. The portion other than the 
first active portion 2A is an isolation region 3, and the first 
active portion 2A is surrounded by the isolation region 3. 
According to the present exemplary embodiment, the isola 
tion unit 3 has a shallow trench isolation (STI) structure. 
However, the isolation unit 3 may have a local oxidation 
silicon (LOCOS) structure or a diffusion isolation structure. 

According to the present exemplary embodiment, the 
photoelectric conversion element 110, and the transfer gate 
120, and a fifth semiconductor region 135 and the reset 
transistor 133 are arranged on the same active region 2, and 
the amplifying transistor 132 is arranged on a different active 
region 2. However, the reset transistor 133 and the photo 
electric conversion element 110 may be arranged on differ 
ent active regions 2, and the amplifying transistor 132 and 
the reset transistor 133 may be arranged on the same first 
active portion 2A. 

Hereinafter, a first conductive type semiconductor region 
is an impurity region in which an electric charge of the same 
polarity as the signal charge is a majority carrier. Further, a 
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4 
second conductive type semiconductor region whose con 
ductive type is the opposite of the first conductive type is the 
impurity region in which the electric charge of the same 
polarity as the signal charge is a minority carrier. 

For example, if the signal charge is an electron, the first 
conductive type semiconductor region is an n-type semicon 
ductor region, and the second conductive type semiconduc 
tor region is a p-type semiconductor region. If the signal 
charge is an acceptor, the first conductive type semiconduc 
tor region is the p-type semiconductor region, and the 
second conductive type semiconductor region is the n-type 
semiconductor region. 

Each transistor is a field effect transistor (FET) including 
a source and a drain, and the gate controls conduction 
between the Source and the drain. The gate includes an 
electrode, a gate insulation film, and a channel region which 
is the semiconductor region located below the gate insula 
tion film. The gate thus has a metal-insulator-semiconductor 
(MIS) type structure. A transistor including first conductive 
type source and drain is defined as a first conductive type 
transistor, and a transistor including second conductive type 
Source and drain is defined as a second conductive type 
transistor. 

For example, if the signal charge is the electron, the first 
conductive type transistor is the n-type transistor. If the 
signal charge is the acceptor, the first conductive type 
transistor is the p-type transistor. 

According to the present exemplary embodiment, the 
photoelectric conversion element 110 is an embedded type 
photodiode including a first conductive type semiconductor 
region 111, a second conductive type semiconductor region 
112, and a third conductive type semiconductor region 113. 
However, the third semiconductor region 113 may be omit 
ted. Further, the photoelectric conversion element 110 may 
be a photogate. 
The first semiconductor region 111 and the second semi 

conductor region 112 in the photoelectric conversion ele 
ment 110 function as a charge generation region in which the 
signal charge is generated. The first semiconductor region 
111 and the second semiconductor region 112 form a p-n 
junction, and the first semiconductor region 111 also func 
tions as an accumulation region which accumulates the 
signal charge. 
The third semiconductor region 113 is located between a 

surface of the semiconductor substrate 1 and the first semi 
conductor region 111. The first semiconductor region 111 
and the third semiconductor region 113 form the p-n junc 
tion, and the third semiconductor region 113 functions as a 
Surface protection region which prevents generation of 
noise. 
The fifth semiconductor region 135 of the first conductive 

type forms the p-n junction with a fourth semiconductor 
region 134 of the second conductive type, and functions as 
a floating diffusion region. The fifth semiconductor region 
135 forms a portion of the capacitor 131. The fifth semi 
conductor region 135 i.e., the floating diffusion region, thus 
forms a portion of the signal generation unit 130. 
The gate electrode of the transfer gate 120 is referred to 

as a transfer gate electrode 121. Agate insulation film 122 is 
arranged between the transfer gate electrode 121 and a 
transfer channel region of the semiconductor Substrate 1. 
The transfer gate electrode 121 is formed of polysilicon. 

Examples of the gate insulation film 122 is a monolayer 
film formed of a silicon oxide layer, a monolayer film 
formed of a silicon oxynitride layer, and a multilayer film 
formed of the silicon oxide layer, and the silicon oxynitride 
layer. According to the present exemplary embodiment, the 
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gate insulation film 122 is the multilayer film in which the 
silicon oxide layer and the silicon oxynitride layer are 
arranged in Such an order from the semiconductor Substrate 
1. The gate insulation film 122 may be formed of a high-k 
material Such as hafnium oxide. 
The gate of the amplifying transistor 132 includes an 

amplifying gate electrode 1320 formed of polysilicon and 
the gate insulation film 122. The amplifying transistor 132 is 
a first conductive type transistor including a first conductive 
type source 1321 and a first conductive type drain 1322. 

The gate of the reset transistor 133 includes a reset gate 
electrode 1330 formed of polysilicon and the gate insulation 
film 122. The reset transistor 133 is a first conductive type 
transistor including the first conductive type source 135 and 
a first conductive type drain 1332. 
The reset transistor 133 performs a reset operation, i.e., a 

main operation thereof, along with discharging of the signal 
charge from the fifth semiconductor region 135. The fifth 
semiconductor region 135 is thus regarded as the source of 
the reset transistor 133 for convenience. However, the 
source and the drain of the reset transistor 133 may tempo 
rarily be reversed while driving the photoelectric conversion 
device 100. 
The photoelectric conversion element 110 and the transfer 

gate 120 are covered by a first intermediate film 210, a first 
protective film 220 arranged above the first intermediate film 
210, and a second protective film 230 arranged above the 
first protective film 220. The first intermediate film 210, the 
first protective film 220, and the second protective film 230 
each extend to the signal generation unit 130, and cover the 
amplifying transistor 132 and the reset transistor 133. 

According to one aspect, the first intermediate film 210 to 
be formed of silicon oxide, for the first protective film 220 
to be formed of silicon oxynitride, and for the second 
protective film 230 to be formed of silicon oxide. However, 
it is not limited thereto. 

Referring to FIG. 3A, a first member 200A is arranged 
between the first intermediate layer 210 and the top surface 
of the transfer gate electrode 121. Further, a first member 
200B is arranged between the first intermediate layer 210 
and the top surface of the reset gate electrode 1330. 

Referring to FIG. 3B, a first member 220C is arranged 
between the first intermediate layer 210 and the top surface 
of the amplifying gate electrode 1320. The first members 
200A, 200B, and 200C are members isolated from one 
another and formed of inorganic insulating material. Silicon 
compounds Such as silicon nitride, silicon oxynitride, silicon 
oxide, and silicon carbide can be used as the inorganic 
insulating material. In particular, silicon oxide can be appro 
priately used. However, it is not limited thereto. 

At least one of the first intermediate film 210 and the first 
protective film 220, the second protective film 230, and the 
first member 200A, the first member 200B, and the first 
member 200C may be deleted. However, if at least the first 
member 200A is formed of silicon oxide, it may be the case 
that the first member 200A formed of silicon oxide is 
arranged above the transfer gate electrode 121 to control the 
light around the transfer gate 120. 
The first member 200A contacts only the top surface 

among the surfaces of the transfer gate electrode 121. The 
first member 200B contacts only the top surface among the 
surfaces of the reset gate electrode 1330, and the first 
member 200C contacts only the top surface among the 
surfaces of the amplifying gate electrode 1320. 
As illustrated in FIGS. 3A and 3B, the photoelectric 

conversion region is covered by a first interlayer insulating 
layer 311. The first interlayer insulating layer 311 can be 
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6 
formed of silicon oxide, boron phosphorus silicate glass 
(BPSG), phosphorus silicate glass (PSG), or boron silicate 
glass (BSG). As illustrated in FIG. 2, the amplifying gate 
electrode 1320 extends towards the fifth semiconductor 
region 135 (i.e., the floating diffusion region). Further, the 
fifth semiconductor region 135 (i.e., the floating diffusion 
region) and the amplifying gate electrode 1320 are both 
connected by a shared contact plug. 320. 
The fifth semiconductor region 135 and the gate electrode 

1320 of the amplifying transistor 132 may be connected 
using a contact plug and a wiring layer instead of the shared 
contact plug. 320. The transfer gate electrode 121 is con 
nected to the first contact plug. 321. 
The first contact plug. 321 and a second contact plug. 322 

which are not located on the line X-X" in FIG. 2 are 
illustrated using dotted lines in FIG. 3A for reference. The 
first contact plug 321 may be arranged on the first active 
portion 2A Such as on the channel region. 

However, according to one aspect the transfer gate elec 
trode 121 may be extended from above the first active 
portion 2A to above the isolation region 3, and arrange the 
first contact plug. 321 above the isolation region 3 as 
illustrated in FIG. 3A. 

Similarly, the second contact plug. 322 is connected to the 
gate electrode 1330 of the reset transistor 133. The second 
contact plug. 322 may also be arranged above the isolation 
region 3. A third contact plug. 323 is connected to the drain 
1332 of the rest transistor 133. 
As illustrated in FIG. 3B, an eighth contact plug. 328 is 

connected to the drain 1322 of the amplifying transistor, and 
a contact plug (not illustrated) is connected to the source 
1321 of the amplifying transistor. The first contact plug. 321 
and the second contact plug. 322 which are respectively 
connected to the transfer gate electrode 121 and the reset 
gate electrode 1330, penetrate through the first members 
200A and 200B. 
As illustrated in FIG. 3A, a first wiring layer 331 includ 

ing a first wiring 3311, a second wiring 3312, and a third 
wiring 3313, is arranged above the first interlayer insulating 
layer 311. The first wiring 3311, the second wiring 3312, and 
the third wiring 3313 are respectively connected to the first 
contact plug. 321, the second contact plug. 322, and the third 
contact plug. 323. 
As illustrated in FIG. 3B, a seventh wiring 3317 of the 

first wiring layer 331 is arranged above the first interlayer 
insulating layer 311. The seventh wiring 3317 is connected 
to a seventh contact plug. 327. The first wiring layer 331 is 
covered by a second interlayer insulating layer 312. Accord 
ing to the present exemplary embodiment, the contact plug 
is formed oftungsten, and the wiring is formed of aluminum. 
However, it is not limited thereto. 

Referring to FIG. 1A, the photoelectric conversion device 
100 includes a signal processing unit 140 for processing the 
electric signal generated by the signal generation unit 130. 
Further, the photoelectric conversion device 100 may 
include an output unit 150 for outputting to the outside the 
signal processed by the signal processing unit 140, and a 
control unit 160 for controlling the signal generation unit 
130 and the signal processing unit 140. 
According to the present exemplary embodiment, the 

signal processing unit 140, the output unit 150, and the 
control unit 160 are arranged in a peripheral circuit region 
103 surrounding the photoelectric conversion region 101. 
However, at least a portion of the signal processing unit 140 
may be arranged in the photoelectric conversion region 101. 

Referring to FIG. 1A, the region between the dashed 
dotted line and a dashed-two dotted line is the peripheral 
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circuit region 103. According to the present exemplary 
embodiment, the signal processing unit 140 includes an 
amplifying circuit 141 having a plurality of column ampli 
fiers, a conversion circuit 142 having a plurality of column 
analog/digital (AD) converters, and a horizontal scanning 
circuit 143 for selecting from the conversion circuit 142 and 
outputting to the output unit 150 the output. The output unit 
150 includes an electrode pad and a protective circuit, and 
the control unit 160 includes a vertical scanning circuit 161 
and a timing generation circuit 162. The peripheral circuit 
region 103 may be designed as appropriate. 
The signal processing unit 140 is formed of a plurality of 

transistors. FIGS. 2, 3A, and 3B illustrate examples of the 
transistors in the signal processing unit 140 arranged in the 
peripheral circuit region 103. 
The amplifying transistor 132 and the reset transistor 133, 

i.e., the first conductive type transistors in the signal gen 
eration unit 130, will be collectively referred to as a first 
transistor. If the above-described selection transistor is of the 
first conductive type, the selection transistor may also be the 
first transistor. 

Further, the amplifying gate electrode 1320 and the reset 
gate electrode 1330 will be collectively referred to as a first 
gate electrode. The first gate electrode is the gate electrode 
of the first transistor. Furthermore, the transistor having the 
transfer gate 120 as the gate, the first semiconductor region 
111 of the photoelectric conversion element 110 as the 
source, and the fifth semiconductor region 135 of the signal 
generation unit 130 as the drain, is a first transistor of the 
first conductive type. The transfer gate electrode 121 is the 
first gate electrode of the first transistor. 
The signal processing unit 140 may be formed of a second 

transistor 170 of the first conductive type and a third 
transistor 180 of the second conductive type as illustrated in 
FIG. 2. The second transistor 170 and the third transistor 180 
in the signal processing unit 140 both have different struc 
ture and characteristics from that of the first transistor in the 
signal generation unit 130. 

FIG. 3A illustrates the second transistor 170 of the first 
conductive type, and FIG. 3B illustrates the third transistor 
180 of the second conductive type. The second transistor 
170 of the first conductive type and the third transistor 180 
of the second conductive type are similarly structured except 
that they have the opposite conductive types. 

According to one aspect a second gate electrode 171, i.e., 
the gate electrode of the second transistor 170, may be 
formed of polysilicon of the first conductive type, and a third 
gate electrode 181, i.e., the gate electrode of the third 
transistor 180, may be formed of polysilicon of the second 
conductive type. 

Further, according to one aspect a first conductive type 
impurity concentration in the second gate electrode 171 may 
be higher than the first conductive type impurity concentra 
tion in at least one of the transfer gate electrode 121, the 
reset gate electrode 1330, and the amplifying gate electrode 
1320. Furthermore, the first conductive type impurity con 
centration in the second gate electrode 171 may be greater 
than or equal to 3/2 times the first conductive type impurity 
concentration in one of the transfer gate electrode 121, the 
reset gate electrode 1330, and the amplifying gate electrode 
132O. 

Moreover, according to one aspect the sheet resistance of 
the second gate electrode 171 may be smaller than the sheet 
resistance of at least one of the transfer gate electrode 121, 
the reset gate electrode 1330, and the amplifying gate 
electrode 1320. Further, the sheet resistance of the second 
gate electrode 171 may be smaller than or equal to 2/3 of the 
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8 
sheet resistance of at least one of the transfer gate electrode 
121, the reset gate electrode 1330, and the amplifying gate 
electrode 1320. 

Furthermore, according to one aspect the second conduc 
tive type impurity concentration in the third gate electrode 
181 may be higher than the first conductive type impurity 
concentration in at least one of the transfer gate electrode 
121, the reset gate electrode 1330, and the amplifying gate 
electrode 1320. Moreover, according to one aspect the 
second conductive type impurity concentration in the third 
gate electrode 181 may be greater than or equal to 3/2 times 
the first-conductive type impurity concentration in at least 
one of the transfer gate electrode 121, the reset gate elec 
trode 1330, and the amplifying gate electrode 1320. 

Further, according to one aspect the sheet resistance of the 
third gate electrode 181 may be smaller than the sheet 
resistance of at least one of the transfer gate electrode 121, 
the reset gate electrode 1330, and the amplifying gate 
electrode 1320. Furthermore, the sheet resistance of the third 
gate electrode 181 may be smaller than or equal to 2/3 of the 
sheet resistance of at least one of the transfer gate electrode 
121, the reset gate electrode 1330, and the amplifying gate 
electrode 1320. Generally, the sheet resistance of polysilicon 
is inversely proportional to the impurity concentration. 

According to one aspect at least one the first conductive 
type impurity concentration in the second gate electrode 171 
and the second-conductive type impurity concentration in 
the third gate electrode 181 may be a value from 1x10' 
atoms/cm to 1x10° atoms/cm. Further, the first conduc 
tive type impurity concentration in at least one of the transfer 
gate electrode 121, the reset gate electrode 1330, and the 
amplifying gate electrode 1320 may be a value from 1x10' 
atoms/cm to 1x10° atoms/cm. 

According to one aspect the sheet resistance of at least one 
of the second gate electrode 171 and the third gate electrode 
181 to be smaller than or equal to 1000 G.2/sq., such as 
smaller than or equal to 500 G.2/sq. Further, the sheet resis 
tance of at least one of the transfer gate electrode 121, the 
reset gate electrode 1330, and the amplifying gate electrode 
1320 may be less than or equal to 1000 G.2/sq. Generally, the 
sheet resistances of the transfer gate electrode 121, the reset 
gate electrode 1330, the amplifying gate electrode 1320, the 
second gate electrode 171, and the third gate electrode 181 
are greater than or equal to 10 S2/sq. 

If the impurity concentration in the second gate electrode 
171 and the third gate electrode 181 are increased and the 
resistances are decreased, the second transistor 170 and the 
third transistor 180 can stably operate. The second transistor 
170 and the third transistor 180 can be effectively used as the 
conversion circuit 142 for the following reason. Since the 
conversion circuit 142 is a digital circuit, a Voltage signal of 
higher frequency is input to the second gate electrode 171 in 
the second transistor 170 and the second gate electrode 181 
in the third transistor 180 as compared to the reset transistor 
133 and the transfer gate 120. 

Further, since the second transistor 170 and the third 
transistor 180 are driven at high speed, the second transistor 
170 and the third transistor 180 are effective when the 
Voltage signal with lower amplitude as compared to the gate 
voltage of the reset transistor 133 is applied thereto. For 
example, peak values of the gate Voltages of the reset 
transistor 133, and the transistors in the amplifying circuit 
141, the horizontal scanning circuit 143, and the vertical 
scanning circuit 161 are set to 3.3 V. Further, the peak value 
of the gate Voltage of the transistor in the conversion circuit 
142 is set to 1.8 V. If the amplitude of the gate voltage is 
small, there is a notable effect even if there is little charac 
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teristic variation between the transistors. However, if the 
impurity concentration is increased, the characteristic varia 
tion can be reduced. 

According to one aspect the film thickness of the gate 
insulation film 172 in the second transistor 170 may be 
smaller than the film thickness of the gate insulation film 122 
in the transfer gate 120. Further, according to one aspect the 
film thickness of the gate insulation film 172 in the second 
transistor 170 may be smaller than the film thickness of the 
gate insulation film 122 in the first transistor. 

According to the present exemplary embodiment, a por 
tion of the drain 175 of the second transistor 170 is covered 
by a silicide layer 177. The silicide layer 177 of the second 
transistor 170 contacts the drain 175. The Source 174 is 
similarly covered by and contacts the silicide layer 177. 

Further, the top surface of the second gate electrode 171 
is covered by a silicide layer 176. At least one of the silicide 
layer 177 covering the source 174 and the drain 175, and the 
silicide layer 176 covering the top surface of the second gate 
electrode 171, may be omitted. The source 184, the drain 
185, and the third gate electrode 181 in the third transistor 
180 are similarly configured. 

According to the present exemplary embodiment, the 
second gate electrode 171 and the third gate electrode 181 
are integrated as illustrated in FIG. 2. A peripheral gate 
electrode 190 which is integrally formed thus includes a first 
conductive type portion (i.e., the second gate electrode 171) 
and a second conductive type portion (i.e., the third gate 
electrode 181). Further, the first conductive type portion and 
the second conductive type portion in the peripheral gate 
electrode 190 may form the p-n junction. 

According to the present exemplary embodiment, the top 
surface of the peripheral gate electrode 190 is covered by the 
silicide layer 176 from the first conductive type portion to 
the second conductive type portion of the peripheral gate 
electrode 190. The first conductive type portion and the 
second conductive type portion are thus shortened by the 
silicide layer 176. As a result, it prevents the operations of 
the second transistor 170 and the third transistor 180 to be 
unstable due to the p-n junction formed in the peripheral gate 
electrode 190. 

Further, the second transistor 170 includes a side wall 
spacer 173 contacting a side Surface of the second gate 
electrode 171. According to the present exemplary embodi 
ment, the side wall spacer 173 has a two-layer structure, 
including a first dielectric layer 1731 and a second dielectric 
layer 1732 located between the second gate electrode 171 
and the semiconductor Substrate 1. 

For example, the first dielectric layer 1731 is formed of 
silicon nitride, and the second dielectric layer 1732 is 
formed of silicon oxide. According to one aspect the electric 
permittivity of the second dielectric layer 1732 is be lower 
than that of the first dielectric layer 1731. However, the 
relation may be inversed. 

According to the present exemplary embodiment, the gate 
insulation film 172 is extended from between the semicon 
ductor substrate 1 and the second gate electrode 171 to 
between the semiconductor substrate 1 and the side wall 
spacer 173. However, the gate insulation film 172 may be 
arranged only between the semiconductor Substrate 1 and 
the second gate electrode 171, so that the side wall spacer 
173 may contact the semiconductor substrate 1. 
A low concentration portion 1752 of the drain 175 is 

located below the side wall spacer 173. The first conductive 
type impurity concentration is lower in the low concentra 
tion portion 1752 as compared to the other portion of the 
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10 
drain 175 (i.e., a high concentration portion 1751). The drain 
175 thus has a lightly doped drain (LDD) structure. 
The side wall spacer 173 and the low concentration 

portion 1752 in the drain 175 may be omitted. Further, the 
source 174 may similarly have the low concentration portion 
and the high concentration portion. Furthermore, the drain 
185 of the third transistor 180 may similarly have a high 
concentration portion 1851 and a low concentration portion 
1852. 
The second transistor 170 and the third transistor 180 are 

covered by a second intermediate film 240 which is different 
from the first intermediate film 210. More specifically, the 
second intermediate film 240 covers the source 174 and the 
drain 175 of the second transistor 170, and the top surface 
of the second gate electrode 171 along the side wall spacer 
173. 

According to the present exemplary embodiment, the 
silicide layer 177 is located between the second intermediate 
layer 240 and the drain 175, and the silicide layer 176 is 
located between the second intermediate film 240 and the 
top surface of the second gate electrode 171. Further, the 
side wall spacer 173 is located between the second inter 
mediate film 240 and the side surface of the second gate 
electrode 171. According to one aspect for the second 
intermediate film 240 to be formed of silicon oxide. The 
second conductive type third transistor 180 is similarly 
configured. 
The second transistor 170 and the third transistor 180 are 

covered by a third protective film 250. More specifically, the 
third protective film 250 covers the source 174 and the drain 
175 of the second transistor 170, and the top surface of the 
second gate electrode 171 along the side wall spacer 173. 

According to the present exemplary embodiment, the 
silicide layer 177 is located between the third protective film 
250 and the drain 175, and the silicide layer 176 is located 
between the third protective film 250 and the top surface of 
the second gate electrode 171. Further, the side wall spacer 
173 is located between the third protective film 250 and side 
surface of the second gate electrode 171. According to one 
aspect the third intermediate film 250 may be formed of 
silicon nitride. 
As described above, the second intermediate film 240 is 

arranged between the third protective film 250 and the 
semiconductor substrate 1, and between the third protective 
film 250 and the second gate electrode 171. The film 
thickness of the third protective film 250 to be greater than 
that of the second intermediate film 240. 
The first interlayer insulating layer 311 and the second 

interlayer insulating layer 312 of the insulation film 310 
extend from the photoelectric conversion region 101 to the 
peripheral circuit region 103 and covers the semiconductor 
Substrate 1. According to the present exemplary embodi 
ment, the second intermediate film 240 and the third pro 
tective film 250 are located between the insulating layer 310 
of the peripheral circuit region 103 and the semiconductor 
substrate 1 and between the insulating layer 310 and the 
second gate electrode 171. However, at least one of the 
second intermediate film 240 and the third protective film 
250 may be omitted. 
As illustrated in FIGS. 2 and 3A, the source 174 and the 

drain 175 of the second transistor 170 are each connected via 
the silicide layer 177 to the fourth contact plug. 324 and the 
sixth contact plug. 326. 
The second gate electrode 171 is similarly connected via 

the silicide layer 176 to the fifth contact plug 325. The fourth 
contact plug. 324, the fifth contact plug. 325, and the sixth 
contact plug. 326 each contact the third protective film 250 
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and the second intermediate film 240, and penetrate through 
the third protective film 250 and the second intermediate 
film 240. 
As illustrated in FIGS. 2 and 3B, the source 184 and the 

drain 185 of the third transistor 180 are respectively con 
nected via the silicide layer 177 to the eighth contact plug 
328 and the ninth contact plug 329. 
The third gate electrode 181 is similarly connected via the 

silicide layer 176 to the fifth contact plug. 325. The eighth 
contact plug. 328 and the ninth contact plug 329 respectively 
contact and penetrate through the third protective film 250 
and the second intermediate film 240. 

Contact resistance between the second gate electrode 171 
and the fifth contact plug. 325 is reduced, and the second 
transistor 170 can be driven at high speed by arranging the 
silicide layer 176. Further, the contact resistance between the 
drain 175 and the sixth contact plug. 326 is reduced, and the 
second transistor 170 can be driven at high speed by 
arranging the silicide layer 177. 
The source 174 and the fourth contact plug. 324 are 

similarly configured, and the third transistor 180 can be 
similarly driven at high speed. On the other hand, according 
to one aspect the silicide layer is not formed at least above 
the transfer gate electrode 121 in the photoelectric conver 
sion region 101 for preventing the noise due to metal 
contamination. 
As illustrated in FIG. 3A, a fourth wiring 3314, a fifth 

wiring 3315, and a sixth wiring 3316 of the first wiring layer 
3314 are arranged above the first interlayer insulating layer 
311. The fourth wiring 3314, the fifth wiring 3315, and the 
sixth wiring 3316 are respectively connected to the fourth 
contact plug. 324, the fifth contact plug. 325, and the sixth 
contact plug. 326. 

Further, as illustrated in FIG. 3B, an eighth wiring 3318 
and a ninth wiring 3319 of the first wiring layer 331 are 
arranged above the first interlayer insulating layer 311. The 
eighth wiring 3318 and the ninth wiring 3319 are respec 
tively connected to the eighth contact plug. 328 and the ninth 
contact plug 329. According to the present exemplary 
embodiment, the contact plugs are formed of tungsten, and 
the wiring is formed of aluminum. However, it is not limited 
thereto. 

FIG. 4A is a cross-sectional view illustrating an example 
of the photoelectric conversion device according to the first 
exemplary embodiment. The protective film and the inter 
mediate film between the insulation film 310 and the semi 
conductor substrate 1, and a control film are omitted in FIG. 
4A for ease of description. 
A wiring structure 300 includes the insulation film 310 

and a plurality of wiring layers (i.e., four layers including the 
first wiring layer 331, a second wiring layer 332, a third 
wiring layer 333, and a fourth wiring layer 334). According 
to the present exemplary embodiment, the insulation film 
310 includes the first interlayer insulating layer 311, the 
second interlayer insulating layer 312, the third interlayer 
insulating layer 313, and the fourth interlayer insulating 
layer 314. 
A passivation film 440 is arranged above the wiring 

structure 300. A general passivation film 440 includes a 
silicon nitride layer. According to one aspect, there is formed 
above and below the silicon nitride layer in the passivation 
film a silicon oxynitride layer which is thinner than the 
silicon nitride layer. 
A first planarization film 460 formed of resin is arranged 

above the passivation film 440, and a color filter is formed 
above the first planarization film 460. According to the 
present exemplary embodiment, there is one color filter. 
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However, a color filter array in which a plurality of types of 
color filters, of either elementary colors or complementary 
colors, are regularly-arranged according to the arrangement 
of the photoelectric conversion element 110, is formed in the 
photoelectric conversion region 101. 
A second planarization film 480 formed of resin is 

arranged above the color filter 470, and the top surface 
thereof is flat. A micro lens 490 is arranged above the second 
planarization film 480. The micro lens 490 may include 
antireflection coating. 

According to the present exemplary embodiment, one 
micro lens is illustrated. However, a micro lens array in 
which a plurality of micro lenses is regularly-arranged 
according to the arrangement of the photoelectric conversion 
element 110 is configured in the photoelectric conversion 
region 101. 

FIG. 4B is a cross-sectional view illustrating an example 
of the photoelectric conversion device 100 according to a 
second exemplary embodiment of the present invention. The 
protective film and the intermediate film between the insu 
lation film 310 and the semiconductor substrate 1, and the 
control film are omitted in FIG. 4A for ease of description. 
The wiring structure 300 includes the insulation film 310 

and a plurality of wiring layers (i.e., two layers including the 
first wiring layer 331 and the second wiring layer 332). 
According to the present exemplary embodiment, the insu 
lation film 310 includes the first interlayer insulating layer 
311, the second interlayer insulating layer 312, the third 
interlayer insulating layer 313, the fourth interlayer insulat 
ing layer 314, and a fifth interlayer insulating layer 315. 
Further, the insulation film 310 includes a first interlayer 
separating layer 316, a second interlayer separating layer 
317, a third interlayer separating layer 318, and a fourth 
interlayer separating layer 319. 

According to one aspect each interlayer insulating layer 
may be formed of silicon oxide and each interlayer sepa 
rating layer to be formed of silicon nitride. The interlayer 
separating layer reduces diffusion of metal materials, and 
functions as an etching stopper when forming the wiring 
layer. The interlayer separating layer may be thinner than the 
interlayer insulating layer. 

Alight guide member 420 surrounded by the insulation 
film 310 has a high refractive index of the interlayer insu 
lating layers 311, 312, 313, 314, and 315. The light guide 
member 420 has an optical waveguide structure using the 
interlayer insulating layers 311, 312, 313, 314, and 315 as a 
clad and the light guide member 420 as a core. The light 
guide member 420 is extended over the top surface of the 
insulation film 310. However, it is not necessary for the light 
guide member 420 to be extended over the top surface of the 
insulation film 310. Further, the light guide member 420 
may be formed of silicon nitride. 
A light condensing film 430 is formed above the light 

guide member 420, and an inner-layer lens 450 is formed 
above the light condensing film 430. The inner-layer lens 
450 may have the antireflective coating. 
An inner-layer lens array in which a plurality of inner 

layer lenses is regularly-arranged according to the arrange 
ment of the photoelectric conversion element 110 is config 
ured in the photoelectric conversion region 101. The inner 
layer lens 450 may be formed of silicon nitride. 
The light condensing film 430 has a lower refractive index 

as compared to the inner-layer lens 450. As a result, incident 
light which obliquely enters the light condensing film 430 
from the inner-layer lens 450 can be condensed towards the 
light guide member 420 by refraction inside the light con 
densing film 430. A light condensing film 430 may include 
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a silicon oxide layer. The light condensing film to include an 
intermediate refractive index layer having a refractive index 
which is between the refractive indices of the silicon oxide 
layer and the light guide member 420, arranged between the 
silicon oxide layer and the light guide member 420. 

Further, according to one aspect the light condensing film 
430 may include an intermediate refractive index layer 
having a refractive index which is between the refractive 
indices of the silicon oxide layer and the inner-layer lens 
450, arranged between the silicon oxide layer and the 
inner-layer lens 450. The intermediate refractive index lay 
ers in the light condensing film 430 are capable of reducing 
reflection between the silicon oxide layer and the light guide 
member 420 or between the silicon oxide layer and the 
inner-layer lens 450. 

If the light guide member 420 and the inner-layer lens 450 
are formed of silicon nitride, the intermediate refractive 
index layer may be formed of silicon oxynitride. Further, the 
intermediate refractive index layer may be thinner than the 
silicon oxide layer. 
The first planarization film 460 formed of resin is 

arranged above the inner-layer lens 450, and the top surface 
thereof is flat. Since the configurations of the color filter 470 
and the second planarization film 480 are the same as those 
illustrated in FIG. 4A according to the first exemplary 
embodiment, description will be omitted. 

Further, the photoelectric conversion device 100 may be 
a backside illumination type in which the color filter array 
and the lens array are arranged on the opposite side of the 
insulation film 310 with respect to the semiconductor sub 
strate 1. 
An imaging System can be configured using the above 

described photoelectric conversion device 100. The imaging 
system may be a camera Such as a still camera or a video 
CaCa. 

Further, the imaging system may be an information ter 
minal including a camera function. The imaging system 
includes at least one of the image processing unit, such as an 
image processing engine which processes the image based 
on the electric signal generated by the signal generation unit 
130, or an image display unit, such as a liquid crystal display 
which displays the image. 
A method for manufacturing the semiconductor device 

according to the present exemplary embodiment will be 
described below. A first aspect of the present exemplary 
embodiment is related to the first transistor included in the 
signal generation unit 130, and the second transistor 170 
included in the signal processing unit 140 as will be 
described below. A gate insulation film of the second tran 
sistor 170 may be thinner than a gate insulation film of the 
first transistor. 

According to the manufacturing method of the first 
aspect, the first gate electrode in the first transistor is formed 
using the first members 200B and 200C as masks, and the 
second gate electrode of the second transistor 170 is formed 
using the second member 207 as the mask. Further, the drain 
of the first transistor is formed using the first members 200B 
and 200C as the masks. 

In such a case, the first members 200B and 200C reduce 
introduction of impurity to the first gate electrode. The 
second member 207 is thinned, and the drain 175 in the 
second transistor 170 is then formed. In parallel with the 
formation of the drain 175, ion implantation is performed on 
the second gate electrode 171 of the second transistor 170. 
As a result, the impurity concentration in the gate electrodes 
of each of the first transistor and the second transistor can be 
controlled. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
A second aspect of the present exemplary embodiment 

relates to the first transistor including the transfer gate 120, 
and the second transistor 170 included in the signal pro 
cessing unit 140. A gate insulation film of the second 
transistor 170 may be thinner than a gate insulation film of 
the first transistor. According to the manufacturing method 
of the second aspect, the transfer gate electrode 121 is 
formed using the first member 200A as the mask, and the 
second gate electrode is formed using a second member 
200D as the mask. 

Further, the fifth semiconductor region 135 is formed 
using the first member 200A as the mask. In such a case, the 
first member 200A reduces the introduction of the impurity 
to the transfer gate electrode 121. The second member 207D 
is thinned, and the drain 175 in the second transistor 170 is 
then formed. 

In parallel with the formation of the drain 175, ion 
implantation is performed on the second gate electrode 171 
in the second transistor 170. As a result, the impurity 
concentration in the gate electrodes in each of the transfer 
gate 120 and the second transistor can be controlled. 
The method for manufacturing the photoelectric conver 

Sion device 100 will be described in detail below with 
reference to the example of the photoelectric conversion 
device 100 according to the first exemplary embodiment 
illustrated in FIG. 4A. 
The reset transistor 133 will be mainly described below as 

an example of the first transistor with respect to the first 
aspect of the present exemplary embodiment. However, a 
similar manufacturing method can be employed in the case 
where the first transistor is replaced by the amplifying 
transistor 132. 

Further, a similar manufacturing method may be 
employed in the case where the transfer gate 120 in the first 
transistor is regarded as the gate, the photoelectric conver 
sion element 110 as the source, and the fifth semiconductor 
region 135 as the drain. Since the characteristic variation of 
the amplifying transistor 132 may cause a fixed pattern 
noise, it is effective to arrange the first member 200C above 
the amplifying gate electrode 1320. 

Furthermore, if the impurity concentrations in the transfer 
gate electrode 121 and the reset gate electrode are high, a 
leak current is likely to be generated as a result of polysili 
con depletion. To prevent such a problem, it is effective to 
arrange the first member 200A above the transfer gate 
electrode 121 that handles the signal charge and the second 
member 200B above the reset gate electrode 1330. 

Process A will be described below with reference to FIG. 
5A. The semiconductor substrate 1 of the first conductive 
type is provided, and the isolation region 3 which defines the 
first active portion 2A of the semiconductor substrate 1 is 
formed in the photoelectric conversion region. Further, the 
isolation region 3 which defines the second active portion 
2B of the semiconductor substrate 1 is formed in the 
peripheral circuit region. According to the present exem 
plary embodiment, the isolation region in the photoelectric 
conversion region and the isolation region in the peripheral 
circuit region both have the STI structure. However, at least 
one of the isolation regions may have the LOCOS structure, 
or the diffusion isolation structure. 

Ion implantation of the second conductive type impurity 
is then performed on the first active portion 2A, so that at 
least a portion of the second semiconductor region 112 and 
the fourth semiconductor region 134, both of the second 
conductive type, is formed on the first active portion 2A. 
Further, ion implantation of the second conductive type 
impurity is performed on the second active portion 2B, so 
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that at least a portion of a well region 178 of the second 
conductive type is formed on the second active portion 2B. 

In the example illustrated in FIG. 5A, all of the second 
semiconductor region 112 and the fourth semiconductor 
region 134, and all of the well region 178 are formed. 
However, according to the present exemplary embodiment, 
a portion of the second semiconductor region 112 and the 
fourth semiconductor region 134 and/or the well region 178 
may be formed in process A. The remaining portions of the 
second semiconductor region 112 and the fourth semicon 
ductor region 134 and/or the well region 178 may be formed 
in process E and thereafter. 

According to the present exemplary embodiment, the first 
semiconductor region 111 of the first conductive type to be 
the accumulation region of the photoelectric conversion 
element 110 is formed on the first active portion 2A in 
process A. However, the first semiconductor region 111 may 
be formed in process E and thereafter. 
<Process BD 

Process B will be described below with reference to FIG. 
5B. In a first step, an insulation film 22 to be used as the gate 
insulation films 122 and 172 is formed on the semiconductor 
Substrate 1. According to one aspect the thickness of the 
insulation film 22 may be 1 nm to 15 nm. According to the 
present exemplary embodiment, the semiconductor Sub 
strate 1 formed of silicon is thermally-oxidized to form a 
silicon oxide film. 
The thickness of the portion of the silicon oxide film 

corresponding to the gate insulation film 172 of the second 
transistor 170 is then decreased as compared to the thickness 
of the portion corresponding to the gate insulation film 122 
of the reset transistor 133. 
The surface of the silicon oxide film is then oxynitrized, 

so that the insulation film 22 to be used for the gate 
insulation films 122 and 172 having the silicon oxide layer 
and the silicon oxynitride layer is formed. The insulation 
film 22 is not limited to the above-described structure and 
forming method. The thicknesses of the gate insulation film 
122 of the reset transistor 133 and the insulation film 172 of 
the second transistor 170 may be the same. Further, the 
insulation film 22 may be a single-layer film of the silicon 
oxide layer without oxynitrizing the silicon oxide film. 

Furthermore, the gate insulation film 122 in the reset 
transistor 133 and the insulation film 172 in the second 
transistor 170 may be separately formed so that the thick 
nesses become different. Moreover, the gate insulation film 
may be formed by accumulating on the semiconductor 
Substrate, a high-k material such as hafnium oxide. 

In a second step, a polysilicon film 21 is formed on the 
insulation film 22. The thickness of the polysilicon film 21 
may be 50 nm to 500 nm. According to the present exem 
plary embodiment, the polysilicon film 21 is formed by 
accumulating non-dope polysilicon. Ion-implantation of the 
first conductive type impurity is performed in the portion 
corresponding to the transfer gate electrode 121, the reset 
gate electrode 1330, and the second gate electrode 171 in the 
polysilicon film 21. A first photo-resist pattern is used as a 
mask in performing ion implantation. The first photo-resist 
pattern is then removed, and a second photo-resist pattern is 
used as the mask to perform ion implantation of the second 
conductive type impurity on the portion corresponding to the 
third gate electrode 181 in the polysilicon film 21. 

According to the present exemplary embodiment, a dose 
amount of each ion implantation is set to be a value from 
1x10" ions/cm to 1x10" ions/cm, such as from 1x10' 
ions/cm to 6x10" ions/cm in process B. Further, the 
impurity concentration in the polysilicon film 21 as a result 
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of performing each ion implantation may be a value from 
1x10' ions/cm to 1x10’ ions/cm. 
The polysilicon film 21 can be formed by accumulating 

doped polysilicon, and so that the impurity concentration 
becomes the same level as the above-described impurity 
concentration. However, since the portion corresponding to 
the third gate electrode 181 may be of the second conductive 
type, it may be the case that non-dope polysilicon is accu 
mulated instead of the doped polysilicon. 

In a third step, the insulation film 20 is formed on the 
polysilicon film 21. An inorganic insulating material may be 
used for forming the insulation film 20, so that the insulation 
film 20 becomes an inorganic insulation film. In Such a case, 
silicon compounds such as silicon oxide, silicon oxynitride, 
silicon nitride, and silicon carbide can be used as the 
material of the insulation film 20. 
The insulation film 20 may also be an organic insulation 

film, using an organic insulation material Such as polyimide 
which has higher resistance to chemicals and heat as com 
pared to a general photo-resist. The insulation film 20 may 
be a multi-layer film. 

According to one aspect the thickness of the insulation 
film 20 may be less than the thickness of the polysilicon film 
21, i.e., smaller than or equal to half the thickness of the 
polysilicon film 21. The thickness of the insulation film 20 
may have a value from 10 nm to 100 nm. 

FIG. 2 illustrates a length L and a width W of the transfer 
gate electrode 121. The length of each gate electrode is the 
length of the gate electrode in a direction in which the gate 
length of the transistor is defined. Further, the width of each 
gate electrode is the width of the gate electrode in a direction 
in which the gate width of the transistor is defined. The 
thicknesses of the first members 200A, 200B, and 200C, and 
the second member 207 may be smaller than the length of 
the gate electrode (L). 

Further, according to one aspect the impurity may be 
introduced to the polysilicon film 21 before forming the 
insulation film 20. However, the impurity may be introduced 
to the polysilicon film 21 by performing ion implantation via 
the insulation film 20. In Such a case, it may become 
necessary for implantation energy in performing ion implan 
tation to be sufficiently high for the ion to pass through the 
insulation film 20. 

In a fourth step, a patterned third photo-resist is formed on 
the insulation film 20. The third photo-resist is formed 
according to the layouts of the transfer gate electrode 121, 
the reset gate electrode 1330, the amplifying gate electrode 
1320, the second gate electrode 171, and the third gate 
electrode 181. 

FIG. 5B illustrates a third photo-resist 24A corresponding 
to the transfer gate electrode 121, a third photo-resist 24B 
corresponding to the reset gate electrode 1330, and a third 
photo-resist 24D corresponding to the second gate electrode 
171. The third photo-resist corresponding to the amplifying 
gate electrode 1320 and the third photo-resist corresponding 
to the third gate electrode 181 can also be formed at the same 
time. 
<Process CD 

Process C according to the present exemplary embodi 
ment will be described below with reference to FIG.SC. The 
insulation film 20 is etched using the third photo-resists 24A, 
24B, and 24D as the masks, so that patterning is performed 
on the insulation film 20. According to one aspect dry 
etching may be performed on the insulation film 20. As a 
result, the first member 200A arranged according to the 
layout of the transfer gate electrode 121 can be acquired 
from the insulation film 20. 
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Further, the first member 200B arranged according to the 
layout of the reset gate electrode 1330, and the second 
member 207 arranged according to the layout of the second 
gate electrode 171 can be acquired. Furthermore, the first 
member 200C (not illustrated) arranged according to the 
layout of the amplifying gate electrode 1320, and the second 
member (not illustrated) arranged according to the layout of 
the third gate electrode 181 can be acquired at the same time. 

According to the present exemplary embodiment, the 
second gate electrode 171 and the third gate electrode 181 
are integrated as described above with reference to FIG. 2. 
The second member 207 arranged according to the layout of 
the second gate electrode 171 and the second member 
arranged according to the layout of the third gate electrode 
181 are thus integrally formed. 
<Process DD 

Process D according to the present exemplary embodi 
ment will be described below with reference to FIG.SD. The 
polysilicon film 21 is etched using as the masks the first 
members 200A, 200B, and 200C formed above the poly 
silicon film 21, so that patterning is performed on the 
polysilicon film 21. 
The polysilicon film 21 is etched using as the mask the 

second member 207 formed above the polysilicon film 21, 
so that patterning is performed on the polysilicon film 21. As 
a result, the transfer gate electrode 121 and the reset gate 
electrode 1330 having flat shapes according to the shapes of 
the first members 200A and 200B are respectively formed. 
Further, the second gate electrode 171 having the flat shape 
according to the shape of the second member 207 is formed. 
Furthermore, the amplifying gate electrode 1320 and the 
third gate electrode 181 are formed at the same time. 

According to the present exemplary embodiment, the 
second gate electrode 171 and the third gate electrode 181 
are integrally formed as the peripheral gate electrode 190 as 
illustrated in FIG. 2. As described above in process A, the 
portion in the peripheral gate electrode 190 corresponding to 
the second gate electrode 171 is of the first conductive type, 
and the portion corresponding to the third gate electrode 181 
is of the second conductive type. 
The peripheral gate electrode 190 thus includes a first 

conductive type portion (corresponding to the second gate 
electrode) and a second-conductive type portion (corre 
sponding to the third gate electrode). Further, the first 
conductive type portion and the second-conductive type 
portion may form the p-n junction. 

According to one aspect, before patterning the polysilicon 
film 21, the third photo-resists 24A, 24B, and 24C used in 
process C are removed. However, the polysilicon film 21 
may be etched using the third photo-resists 24A and 24B, 
and the first members 200A and 200B and/or the photo-resist 
24C and the second member 207 as the masks. 

Further, according to one aspect the transfer gate elec 
trode 121, the reset gate electrode 1330, and the second gate 
electrode 171 may be formed at the same time. According to 
the present exemplary embodiment, at least an extended 
portion from the portion of the insulation film 22 between 
the gate electrode 121 and the semiconductor substrate 1 is 
exposed in process D. The extended portion of the insulation 
film 22 may be thinned. Further, the extended portion of the 
insulation film 22 may be completely removed, so that the 
semiconductor Substrate 1 is exposed. 
<Process E> 

Process E according to the present exemplary embodi 
ment will be described below with reference to FIG. SE. The 
portion other than the second transistor 170 is covered by the 
fourth photo-resist (not illustrated). Ion implantation of the 
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second conductive type impurity is then performed on the 
second active portion 2B of the semiconductor substrate 1 
using the second member 207 and the second gate electrode 
171 as the masks. The low concentration portion 1752 of the 
drain 175 in the second transistor 170 is thus formed. 
The low concentration portion 1752 functions as the 

lightly doped drain (LDD). The low concentration portion 
1742 of the source 174 in the second transistor 170 can also 
be formed at the same time. The fourth photo-resist is then 
removed. 
The portion other than the reset transistor 133 is then 

covered by a fifth photo-resist (not illustrated). Ion implan 
tation of the first conductive type impurity is performed on 
the first active portion 2A in the semiconductor substrate 1 
using the first member 200B and the reset gate electrode 
1330 as the masks. The drain 1332 in the reset transistor 133 
is thus formed. 
The fifth semiconductor region 135 which is the source of 

the reset transistor 133 and functions as the floating diffusion 
region can also be formed at the same time. The fifth 
photo-resist is then removed. 
The portion other than the photoelectric conversion ele 

ment 110 is covered by a sixth photo-resist (not illustrated). 
Ion implantation of the second conductive type impurity is 
then performed on the first active portion 2A of the semi 
conductor Substrate 1, so that the third semiconductor region 
133 to be the surface protection region of the photoelectric 
conversion member is formed. The sixth photo-resist is then 
removed. 
The portion other than the third transistor 180 is covered 

by a seventh photo-resist (not illustrated). Ion implantation 
of the second conductive type impurity is then performed on 
the second active portion 2B of the semiconductor substrate 
1 using the second member 207 and the third gate electrode 
181 as the masks. 
As a result, a low concentration portion 1852 (i.e., LDD) 

of the drain 185 in the third transistor 180 is formed. The low 
concentration portion of the source 184 in the third transistor 
180 can also be formed at the same time. The seventh 
photo-resist is then removed. 
A dose amount of each ion implantation may be set to be 

a value from 1x10" ions/cm to 1x10" ions/cm in process 
E. Further, the first members 200A, 200B, and 200C, and the 
second member 207 are used as the masks. It may thus be 
necessary for the implantation energy of each ion implan 
tation to be of the level at which the ions do not actually pass 
through the first members 200A, 200B, and 200C, and the 
second member 207. 
The low concentration portions 1752 and 1852 formed 

near the surface of the semiconductor substrate 1, and the 
implantation energy for forming the fifth semiconductor 
region 135 and the third semiconductor region 133 are 
determined according to the characteristics of each transis 
tor. The thicknesses of the first members 200A, 200B, and 
200C, and the second member 207, to be used as the masks 
can thus be determined as appropriate from the implantation 
energy. 
The order of forming the low concentration portion 1752 

of the drain 175, the drain 1332, the third semiconductor 
region 113, and the low concentration portion 1852 of the 
drain 175 is not limited to the above-described order. 
<Process F 

Process F according to the present exemplary embodi 
ment will be described below with reference to FIG. SF. In 
process F, a silicon oxide film 1210 covering the photoelec 
tric conversion region and the peripheral circuit region is 
formed. The thickness of the silicon oxide film 1210 may be 
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smaller than the thickness of the first members 200A, 200B, 
and 200C, and the second member 207, and may be from 1 
nm to 30 nm. 
A silicon nitride film 1220 covering the photoelectric 

conversion region and the peripheral circuit region is formed 
above the silicon oxide film. The thickness of the silicon 
nitride film 1220 may be greater than the thickness of the 
silicon oxide film 1210, and may be from 10 nm to 100 nm. 
<Process G 

Process G according to the present exemplary embodi 
ment will be described below with reference to FIG. S.G. 
According to the present exemplary embodiment, the second 
member 207 is thinned. The thickness of the second member 
207 may be smaller than the thicknesses of the first members 
200A, 200B, and 200C. The second member 207 may be 
completely removed. 
More specifically, the photoelectric conversion region is 

covered by an eighth photo-resist 500g. The silicon nitride 
film 1220 and the silicon oxide film 1210 located above the 
second member 207 are sequentially etched, using the eighth 
photo-resist 500g as the mask. Further, the second member 
207 is etched and thinned thereby. 
The second member 207 may be etched until thin second 

member 207 is remaining, or until the second member 207 
is completely removed until the second gate electrode 171 is 
exposed. The first members 200A, 200B, and 200C may also 
be thinned. The thin first member 200A, 200B, 200C may 
remain or the first members 200A, 200B, 200C may be 
completely removed so that the top surface of the reset gate 
electrode 133 is exposed. However, according to one aspect 
the first members 200A, 200B, and 200C do not become 
thin. 

According to the present exemplary embodiment, the side 
wall spacer 173 of the second transistor 170 can be formed 
in association with etching the second member 207 in 
process G. According to the present exemplary embodiment, 
the side wall spacer 173 has the two-layer structure, i.e., the 
first dielectric layer 1731, which is a portion of the silicon 
nitride film 1220, and the second dielectric layer 1732, 
which is a portion of the silicon oxide film 1210. 

The second dielectric layer 1732 is located between the 
first dielectric layer 1731 and the side surface of the second 
gate electrode 171. The permittivity of the second dielectric 
layer 1732 becomes lower than that of the first dielectric 
layer 1731 by employing the silicon nitride film 1220 and 
the silicon oxide film 1210. 

In process F, a vertical relation between the silicon oxide 
film 1210 and the silicon nitride film 1220 can be reversed. 
In such a case, the permittivity of the second dielectric layer 
1732 becomes higher than the permittivity of the first 
dielectric layer 1731. 
The side wall spacer 173 of the third transistor 180 can be 

formed at the same time as forming the side wall spacer 173 
of the second transistor 170. If the low concentration portion 
1742 of the drain 174 or the side wall spacer 135 is not to 
be formed, the second member 207 can be thinned between 
performing process E and process D. 
<Process HD 

Process H according to the present exemplary embodi 
ment will be described below with reference to FIG. SH. In 
process H, a ninth photo-resist 500h which covers the 
photoelectric conversion region and the third transistor 180 
and not the second transistor 170 is formed. The ion implan 
tation of the first conductive type impurity is then performed 
on the second active portion 2B of the semiconductor 
Substrate 1 using the second gate electrode 171 as the mask. 
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As a result, the high concentration portion 1751 of the drain 
175 in the second transistor 170 is formed. 
The drain 175 in the second transistor 170 including the 

low concentration portion 1752 described in process E and 
the high concentration portion 1751 formed in process H is 
thus formed. At the same time, the high concentration 
portion 1741 of the source 174 in the second transistor 170 
can be formed, so that the source 174 in the second transistor 
170 is formed. As described above, the second gate electrode 
171 is exposed due to the second member 208 becoming thin 
as a result of process G, or due to the second member 208 
being removed. 
The impurity is thus introduced to the second gate elec 

trode 171 at the same time as performing ion implantation 
for forming the high concentration portion 1751. That is, the 
ion implantation to the second gate electrode 171 is per 
formed in parallel with forming the drain 175. The intro 
duction of the impurity to the second gate electrode 171 may 
be caused collaterally to the formation of the forming the 
drain 175. 

According to one aspect the ion implantation is performed 
so that the impurity concentration in the second gate elec 
trode 171 becomes higher than the first conductive type 
impurity concentrations in the transfer gate electrode 121, 
the reset gate electrode 1330, and the amplifying gate 
electrode 1320 covered by the ninth photo-resist 500h. The 
dose amount of the ion implantation for forming the drain 
175 in process H may be set to be a value from 1x10' 
ions/cm to 1x10" ions/cm. 

According to one aspect, the dose amount may be set to 
be a value from 1x10" ions/cm to 6x10" ions/cm. In 
general, the dose amount of the ion implantation for forming 
the drain 175 is 10 to 1000 times the dose amount of the ion 
implantation performed in process E. The impurity concen 
trations in the transfer gate electrode 121, the reset gate 
electrode 1330, and the amplifying gate electrode 1320 are 
Substantially regulated by the impurity concentration in the 
polysilicon film 21 described in process B. 
The reason for the above is that, in process E, the first 

members 200A, 200B, and 200C are formed above the 
transfer gate electrode 121, the reset gate electrode 1330, 
and the amplifying gate electrode 1320. In other words, the 
first members 200A, 200B, and 200C function as the masks 
with respect to the gate electrode when performing ion 
implantation for forming the fifth semiconductor region 135, 
the drain 1332, the source 1321, and the drain 1322. The ion 
is thus not actually implanted in the transfer gate electrode 
121, the reset gate electrode 1330, and the amplifying gate 
electrode 1320. 
As a result, when ion implantation is performed in process 

H, the impurity concentration in the second gate electrode 
171 can be higher than the impurity concentrations in the 
transfer gate electrode 121, the reset gate electrode 1330, 
and the amplifying gate electrode 1320. The implantation 
energy for forming the drain 175 is set in the ion implan 
tation. Further, the thickness of the second member 208 in 
process G can be set so that ion can be implanted in the 
second gate electrode 171 using the implantation energy for 
forming the drain 175. 

Further, a tenth photo-resist (not illustrated) which covers 
the photoelectric conversion region and the second transistor 
170 and not the third transistor 180 is formed. Ion implan 
tation of the second conductive type impurity is then per 
formed on the third gate electrode 181 similarly as on the 
second transistor 170. 

Furthermore, the high concentration portion 1851 of the 
drain 185 and the high concentration portion 1841 of the 
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source 184 in the third transistor 180 are formed. The dose 
amount of ion implantation for forming the drain 185 in 
process H may be set to be a value from 1x10" ions/cm to 
1x10" ions/cm, such as from 1x10" ions/cm to 6x10' 
ions/cm. 
By performing the above-described process, ion implan 

tation, which affects the operations of the transfer gate 120 
and each transistor, is completed. 
<Process ID 

Process I according to the present exemplary embodiment 
will be described below with reference to FIG.5I. In process 
I, the silicon oxide film is formed in the photoelectric 
conversion region and the peripheral circuit region. An 
eleventh photo-resist (not illustrated), which covers the 
photoelectric conversion region and not the peripheral cir 
cuit region, is formed above the silicon oxide film. The 
silicon oxide film is etched using the eleventh photo-resistas 
the mask, so that the top Surface of the second gate electrode 
171 in the second transistor 170 is exposed. 

If the second member 207 is not completely removed in 
process G and remains above the second gate electrode 171 
as the second member 208, the second member 208 is etched 
in process I so that the top Surface of the second gate 
electrode 181 is exposed. The eleventh photo-resist is then 
removed. As a result, the second protective film 230 as a 
portion of the silicon oxide film is formed on the photoelec 
tric conversion region which has been covered by the 
eleventh photo-resist. 
A metal film 700 is then formed to contact the top surface 

of the second gate electrode 171, the source 174, and the 
drain 175 in the Second transistor 170. The metal film 700 
formed of a metal material such as cobalt, titanium, nickel, 
and tungsten, which can be silicided. 

Further, the metal film 700 is formed to contact the top 
surface of the third gate electrode 181, and the source 184 
and the drain 185 in the third transistor 180. In such a case, 
the metal film 700 is also formed in the photoelectric 
conversion region. However, the first protective film 220 and 
the second protective film 230 are located between the metal 
film 700 and the reset transistor 133, so that the metal film 
700 does not contact the reset transistor 133 and the transfer 
gate electrode 121. 
<Process JD 

Process Jaccording to the present exemplary embodiment 
will be described below with reference to FIG.5J. In process 
J, the metal film 700 and the second gate electrode 171 are 
heat-reacted by heating the semiconductor Substrate 1, so 
that the top surface of the second gate electrode 171 is 
silicided. The silicide layer 176 is thus formed above the 
second gate electrode 171. At the same time, the metal film 
700 and the source 174 and the drain 175 in the second 
transistor 170 can be silicided, and the silicide layer 177 can 
thus be formed above the source 174 and the drain 175. 

The third transistor 180 can be similarly silicided. The 
non-reacting metal film 700 located in the photoelectric 
conversion region is then removed. The silicide layers 177 
and 176 can be further heated to lower the resistance thereof. 
<Process K 

Process K according to the present exemplary embodi 
ment will be described below with reference to FIG. SK. In 
process K, the silicon oxide film which covers the photo 
electric conversion region and the peripheral circuit region, 
and contacts the side wall spacer 173 and the silicide layers 
176 and 177 is formed. 
The silicon nitride film covering the photoelectric con 

version region and the peripheral circuit region is then 
formed above the silicon oxide film, and the portion of the 
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silicon nitride film located in the photoelectric conversion 
region is removed. The third protective film 250 is thus 
formed in the peripheral circuit region. Further, the second 
intermediate film 240 is formed in the peripheral circuit 
region by removing the portion of the silicon oxide film 
located in the photoelectric conversion region. 
<Process LD 

Process L according to the present exemplary embodi 
ment will be described below with reference to FIG. SL. In 
process L., a third intermediate film 260 covering the pho 
toelectric conversion region and contacting the second pro 
tective film 230 is formed. The third intermediate film 260 
can be formed at the same time as the second intermediate 
film 240 by not removing the portion of the silicon nitride 
film located in the photoelectric conversion region as 
described in process K. Further, formation of the third 
intermediate film 260 can be omitted as illustrated in FIGS. 
3A and 3B. 
The first interlayer insulating layer 311 is then formed by 

forming the insulation film covering the photoelectric con 
version region and the peripheral circuit region and planariz 
ing the insulation film. The insulation film can be planarized 
using methods such as a reflow method, an etch-back 
method, and a chemical mechanical polishing (CMP) 
method. Silicon oxide, and silicate glass such as BSG, PSG, 
and BPSG may be used as the material of the insulation film. 
A contact is then formed. In the first step, a first contact 

hole which reaches the transfer gate electrode 121 is formed 
in the first interlayer insulating layer 311. A conductive 
material Such as tungsten is then implanted in the first 
contact hole, and excessive tungsten is removed using the 
CMP method. The first contact plug. 321 which contacts the 
transfer gate electrode 121 is thus formed. 
At the same time, the second contact plug. 322, the third 

contact plug. 323, the seventh contact plug. 327, and the 
shared contact plug 320 are formed. The shared contact plug 
320 is formed to contact both the fifth semiconductor region 
135 and the amplifying gate electrode 1320. 
The first contact plug. 321, the second contact plug. 322, 

and the seventh contact plug 327 are arranged to respec 
tively penetrate through the first members 200A, 200B, and 
200C. However, the first members 200A, 200B, and 200C 
can be removed in the processes F, G, and H. 

In the second step, a fifth contact hole which reaches the 
silicide layer 176 above the second gate electrode 171 is 
formed in the first interlayer insulating layer 311. A con 
ductive material Such as tungsten is then implanted in the 
fifth contact hole, and excessive tungsten is removed using 
the CMP method. The fifth contact plug. 325 which contacts 
the second gate electrode 171 via the silicide layer 176 is 
thus formed. 
The fifth contact plug. 325 may contact the second gate 

electrode 171 by penetrating through the silicide layer 177. 
However, the fifth contact plug. 325 may also contact the top 
surface of the silicide layer 177. At the same time, the fourth 
contact plug. 324, the sixth contact plug 326, the eighth 
contact plug. 328, and the ninth contact plug 329 are formed, 
contacting the top surface of the silicide layer 177 respec 
tively. 
The third protective film 250 functions as the etching 

stopper when forming each contact hole for forming the 
fourth contact plug. 324, the sixth contact plug. 326, the 
eighth contact plug. 328, and the ninth contact plug 329. In 
other words, a self-align contact can be realized by the third 
protective film 250. The above-describe first step and second 
step may be performed in reverse order. 
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The contact plugs arranged in the photoelectric conver 
sion region and the contact plugs arranged in the peripheral 
circuit region can be formed at the same time. However, 
according to one aspect the contact plugs are formed the 
photoelectric conversion region and the peripheral circuit 
region at different timings from one another. 
More specifically, metal components (e.g., cobalt) 

included in the silicide layers 176 and 177 may be scattered 
when forming the contact hole in the peripheral circuit 
region. If the contact plugs are formed at different timings, 
it becomes less likely for Such metal components to cause 
metal contamination in the photoelectric conversion region. 

After forming the contact plugs, the wiring layer is 
formed. According to the present exemplary embodiment, 
aluminum is mainly used as the material of the wiring layer. 
After an aluminum film is formed above the first interlayer 
insulating layer, patterning may be appropriately performed 
on the aluminum film, and the first wiring layer can be 
formed. 

After performing process L., a conventional multilayer 
wiring technique is used to form each of the wiring layers 
331, 332,333, and 334, and each of the interlayer insulating 
layers 312, 313, 314, and 315. The wiring structure 300 is 
thus formed. The passivation layer 440, the first planariza 
tion film 460, the color filter 470, the second planarization 
film 480, and the micro lens 490 are formed above the wiring 
structure 300. The photoelectric conversion device 100 
according to the first exemplary embodiment as illustrated in 
FIG. 4A is thus acquired. 
An example of the method for manufacturing the photo 

electric conversion device 100 according to the second 
exemplary embodiment as illustrated in FIG. 4B will be 
described below. According to the present exemplary 
embodiment, processes from process A to process Kaccord 
ing to the first exemplary embodiment are similarly per 
formed, so that description will be omitted. Processes M, N, 
and Operformed after process K will be described below. 
<Process MD 

Process M according to the present exemplary embodi 
ment will be described below with reference to FIG.5M. In 
process L., the portion of the silicon oxide film located in the 
photoelectric conversion region is removed. According to 
the present exemplary embodiment, the silicon oxide film 
located in the photoelectric conversion region is left in the 
region in process M. The second intermediate film 240 in the 
peripheral circuit region and the third intermediate film 260 
in the photoelectric conversion region are thus formed at the 
same time. 

Further, in process L., the portion of the silicon nitride film 
located in the photoelectric conversion region is completely 
removed. According to the present exemplary embodiment, 
the portion of the silicon nitride film located on the photo 
electric conversion element 110 is not removed and becomes 
a control film 410 in process M. Furthermore, the portion of 
the silicon nitride film left in the peripheral circuit region 
becomes the third protective film 250. 
<Process ND 

Process N according to the present exemplary embodi 
ment will be described below with reference to FIG.SN. In 
process N, the contact plugs are formed similarly as in 
process L. After forming the contact plugs, the first wiring 
layer 331 is formed. According to the present exemplary 
embodiment, the first wiring layer 331 is mainly formed of 
copper. 
The second interlayer insulating layer 312 is then formed 

on the first interlayer insulating layer 311 via the first 
interlayer isolation layer 316 formed of silicon nitride. The 
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first wiring layer 331 formed of copper is implanted in the 
second interlayer insulating layer 312 using a damascene 
method. 
The second wiring layer 332, each of the interlayer 

insulating layers 313, 314, and 315, and each of the inter 
layer isolation layers 317, 318, and 319 are similarly formed 
using the conventional multilayer wiring technique. The 
wiring structure 300 is thus formed. A portion of the 
insulation film 310 in the wiring structure 300 is etched, and 
an opening 421 of a depth reaching the control film 410 is 
thus formed. The control film 410 can be used as the etching 
stopper when forming the opening 421. 
<Process OD 

Process O according to the present exemplary embodi 
ment will be described below with reference to FIG.S.O. A 
high-refractive index film formed of silicon nitride, having 
a higher refractive index as compared to the insulation film 
310 is implanted in the opening 421. The light guide member 
420 is thus formed. According to the present exemplary 
embodiment, the refractive index of the light guide member 
420 is higher than the refractive indices of the first interlayer 
insulating layer 311, the second interlayer insulating layer 
312, and the third interlayer insulating layer 313 in the 
insulation film 310. 

According to one aspect the light guide member 420 is 
extended from inside the opening 421 to the top surface of 
the insulation film 310. The top surface of the light guide 
member 420 is then planarized using the CMP method. The 
control film 410 reduces the damage on the photoelectrical 
conversion element 110 when implanting the light guide 
member 420. 
The light condensing film 430, the inner-layer lens 450, 

the first planarization film 460, the color filter 470, the 
second planarization film 480, and the micro lens 490 are 
then formed above the light guide member 420. The pho 
toelectric conversion device 100 according to the second 
exemplary embodiment as illustrated in FIG. 4B is thus 
acquired. 
As described above, according to the present exemplary 

embodiment, the method for manufacturing the semicon 
ductor device can appropriately control the impurity con 
centration in the gate electrode of the first transistor and the 
impurity concentration in the gate electrode of the second 
transistor. 

According to the above-described exemplary embodi 
ments of the present invention, the photoelectric conversion 
device including the photoelectric conversion member is 
described as an example of the semiconductor device. How 
ever, aspects of the present invention may be applied to a 
method for manufacturing the semiconductor device which 
do not include the photoelectric conversion member. For 
example, aspects of the present invention may be applied to 
a semiconductor device which includes both an analog 
circuit and a digital circuit, or a semiconductor device which 
includes both a high-voltage circuit and a low-voltage 
circuit. 

While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
modifications, equivalent structures, and functions. 

What is claimed is: 
1. A photoelectric conversion device comprising: 
a photoelectric conversion unit for outputting a electric 

signal base on a signal charge generated in a photo 
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electric conversion element, the photoelectric conver 
Sion unit including a first transistor, and 

a signal processing unit for processing the electric signal, 
the signal processing unit including a second transistor 
and a third transistor, 

wherein a gate insulation film of the second transistor is 
thinner than a gate insulation film of the first transistor, 

wherein the first transistor and the second transistor are 
first conductive type transistors, and the third transistor 
is a second conductive type transistor, 

wherein the signal processing unit has an electrode inte 
grally including a first conductive type portion as a gate 
electrode of the second transistor and a second con 
ductive type portion as a gate electrode of the third 
transistor, and 

an impurity concentration in the first conductive type 
portion is higher than an impurity concentration in a 
gate electrode of the first transistor. 

2. The photoelectric conversion device according to claim 
1, wherein the photoelectric conversion unit includes the 
photoelectric conversion element, a signal generation unit, 
and a transfer gate for transfer the signal charge from the 
photoelectric conversion element to the signal generation 
unit. 

3. The photoelectric conversion device according to claim 
2, wherein the first transistor has the transfer gate. 

4. The photoelectric conversion device according to claim 
2, wherein the signal generation unit has a capacitor, and the 
first transistor is an amplifying transistor having a gate 
connected to the capacitor. 

5. The photoelectric conversion device according to claim 
2, wherein the signal generation unit has a capacitor and the 
first transistor is a reset transistor having a source connected 
to the capacitor. 

6. The photoelectric conversion device according to claim 
1, wherein a drain of the second transistor is covered with a 
silicide layer which contains cobalt or nickel. 

7. The photoelectric conversion device according to claim 
6, wherein a silicide layer which contains cobalt or nickel is 
not formed above the gate electrode of the first transistor. 

8. The photoelectric conversion device according to claim 
1, 

wherein the first conductive type portion and the second 
conductive type portion form the p-n junction, and 

wherein the first conductive type portion and the second 
conductive type portion are covered by a silicide layer. 

9. The photoelectric conversion device according to claim 
1, wherein the first conductive type portion and the second 
conductive type portion form the p-n junction. 

10. The photoelectric conversion device according to 
claim 1, wherein the first conductive type portion and the 
second conductive type portion are covered by a silicide 
layer. 

11. The photoelectric conversion device according to 
claim 1, further comprising: 

a film arranged to cover the gate electrode of the first 
transistor, and 

a member arranged between the film and the gate elec 
trode of the first transistor, the member being formed of 
insulating material, 

wherein the member contacts with a top surface of the 
gate electrode of the first transistor, 

wherein the member does not contact a side surface of the 
gate electrode of the first transistor, and 
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wherein the film covers the side surface of the gate 

electrode of the first transistor. 
12. The photoelectric conversion device according to 

claim 1, wherein the impurity concentration of the first 
conductive type portion is greater than or equal to 3/2 times 
the impurity concentration in the gate electrode of the first 
transistor. 

13. The photoelectric conversion device according to 
claim 1, wherein a sheet resistance of the first conductive 
type portion is smaller than or equal to 2/3 of a sheet 
resistance of the gate electrode of the first transistor. 

14. The photoelectric conversion device according to 
claim 1, wherein the impurity concentration in the gate 
electrode of the first transistor and the impurity concentra 
tion of the first conductive type portion are from 1x10' 
atoms/cm to 1x10’ atoms/cm. 

15. The photoelectric conversion device according to 
claim 1, wherein a drain of the second transistor has a lightly 
doped drain (LDD) structure. 

16. The photoelectric conversion device according to 
claim 1, wherein the photoelectric conversion element and 
the first transistor are arranged on a same active region 
which is surrounded by an isolation region having a shallow 
trench isolation (STI) structure or a local oxidation silicon 
(LOCOS) structure. 

17. The photoelectric conversion device according to 
claim 1, further comprising an isolation region having a 
shallow trench isolation (STI) structure, 

wherein the isolation region is disposed between the 
photoelectric conversion element and a transistor of the 
photoelectric conversion unit. 

18. The photoelectric conversion device according to 
claim 1, further comprising an optical waveguide structure 
formed above the photoelectric conversion element. 

19. An imaging system comprising: 
a photoelectric conversion unit for outputting a electric 

signal base on a signal charge generated in a photo 
electric conversion element, the photoelectric conver 
sion unit including a first transistor, and 

a signal processing unit for processing the electric signal, 
the signal processing unit including a second transistor 
and a third transistor 

an image processing engine which processes an image 
based on the electric signal; and 

an image display unit which displays the image, 
wherein a gate insulation film of the second transistor is 

thinner than a gate insulation film of the first transistor, 
wherein the first transistor and the second transistor are 

first conductive type transistors, and the third transistor 
is a second conductive type transistor, 

wherein the signal processing unit has an electrode inte 
grally including a first conductive type portion as a gate 
electrode of the second transistor and a second con 
ductive type portion as a gate electrode of the third 
transistor, and 

wherein an impurity concentration in the first conductive 
type portion is higher than an impurity concentration in 
a gate electrode of the first transistor. 

20. The imaging system device according to claim 19. 
wherein the first conductive type portion and the second 

conductive type portion form the p-n junction, and 
the first conductive type portion and the second conduc 

tive type portion are covered by a silicide layer. 


